The mechanism of p 3 He backward elastic scattering is studied. It is found that the triangle diagrams with the subprocesses pd → 3 He π 0 , pd * → 3 He π 0 and p(pp) → 3 He π + , where d * and pp denote the singlet deuteron and diproton pair in the 1 S 0 state, respectively, dominate in the cross section at 0.3-0.8 GeV, and their contribution is comparable with that for a sequential transfer of a np pair at 1-1.5 GeV. The contribution of the d * + pp, estimated on the basis of the spectator mechanism of the p(N N ) → 3 He π reaction, increases the p 3 He→ 3 He p cross section by one order of magnitude as compared to the contribution of the deuteron alone. Effects of the initial and final states interaction are taken into account.
Introduction
Over the past few years p 3 He backward elastic scattering has been investiged [1, 2, 3] on the basis of the DWBA method using a trinucleon boundstate wave function [4] Other mechanisms of two-nucleon transfer, such as the deuteron exchange [5] , non-sequential np transfer [2] , and direct pN scattering [6, 7] involve very high internal momenta in the 3 He wave function in q 23 as well as in p 1 and, in sum,
give much smaller contributions. However, in analogy to pd backward elastic scattering [8] one should expect also a significant contribution from mechanisms related to excitation of nucleon isobars in the intermediate state followed
by emission of virtual pions. Such mechanisms were discussed in Refs. [3, 9] on the basis of the triangle diagram of the one pion exchange (OPE) with the subprocess pd → 3 He π 0 (Fig. 1b) and in Ref. [10, 11] for the two-loop diagram with the subprocess πd → πd. The energy dependence of the cross section for p 3 He → 3 Hep and also its absolute value were explained to some extent in Refs. [10, 11] . However, a common drawback of the models [9, 10, 11] is the neglect of both (i) the contribution of the singlet deuteron d * (i.e. where the pn pair is in the spin-singlet ( 1 S 0 ) state) in 3 He and (ii) distortions coming from rescattering in the initial and final states. In the present paper we consider both these effects and show that each of them is very important, though there is an effective cancellation between them in the unpolarized cross section.
The One Pion Exchange model
To account for the OPE mechanism (Fig. 1b-d Unfortunately, these data are restricted to pion energies close to the threshold and contain only total cross sections. Moreover, the π + and π − data [14, 15] are not sufficient to deduce the matrix element of the reaction pd * → 3 He π 0 .
Nevertheless, these data [15] show that the formation of the pn and nn pairs in the final state interaction region is dominated by the spectator mechanism of pion absorption on the isosinglet NN pair in 3 He (Fig. 2) Fig. 2 instead of the NN loop. At higher energies, T p > 1 GeV, the spectator mechanism fails to reproduce the second peak in the excitation function of the reaction pd → 3 He π 0 . In this region the 3-body mechanism [12] is expected to be more important, since all three nucleons are active in the 3 He at high transfer of momentum. Nevertheless the latter mechanism also underestimates considerably the experimental cross section at θ π = 180
• [12] .
Since the mechanism of the reaction pd * → 3 He π 0 is not established at higher energies, a completely microscopic description of the reaction p 
Formalism
The reaction amplitude is given by the coherent sum of the OPE amplitudes 
(
Here µ j (µ ′ j ) is the spin projection of the initial (final) particle j = p, h (p denotes the proton and h -the 3 He) and λ is the spin projection of the deuteron.
is the amplitude of the reaction pd → 3 He π 0 . The Clebsch-Gordan coefficients are written in Eq. (1) 
and similarly for the intermediate diproton (pp)
where T 
Here m, M and m π are the masses of the proton, 3 He and the pion, respec-
p ′ and p p ′ are the total energy and momentum of the secondary proton in the laboratory system, and f πN N and F πN N (k 2 ) are the coupling constant and the (monopole) form factor at the πNN vertex. The distortion factor D(T p ) is given in Ref. [3] in eikonal approximation in terms of an analytical parametrization of the forward pN and p 3 He scattering amplitudes.
The nuclear form factors for the triplet (G d ) and singlet (G d * ) channels are given by
where
Here
integral and j l is the spherical Bessel function. The kinematical variables κ, p and δ are determined by the proton momentum p We should note that due to the presence of the Kronecker-δ in Eqs. Thus, we find that the total spin averaged OPE amplitude of the p 3 He backward elastic scattering has the form
Since there is no interference term between singlet and triplet NN pairs, it is convenient to introduce the following relation for the squared singlet and triplet amplitudes of the processes p(NN) s,t → 3 He π,
Of course, in general, the factor C I is a complicated function depending on the energy and the transferred momentum. However, for the spectator model (Fig. 2) we can obtain a reasonable estimate of this factor on the basis of isospin relations only. We can then use Eq. (8) 
where s ij is the square of the invariant mass of the system i + j, and q ij is the relative momentum in this system.
Approximated evaluation of C I
In the evaluation of the factor C I in Eq. (8) for the spectator model of the process p(NN) s,t → 3 He π we assume that the spatial parts of the vertices d → p+n, d * → p+n, and (pp) s → p+p in Fig. 2 are approximately the same in 3 He.
Furthermore, we assume that the subprocess pN → (NN) t π dominates in the upper vertex of the diagram in Fig. 2 and that the amplitude pN → (NN) s π is negligible. This is true in the ∆-region, as was shown recently [17] . With this approximation the following relation between the amplitudes of the processes pd * → 3 He π 0 and p(pp) s → 3 He π + follows from isospin invariance
After that the factor C I is basically given by the Clebsch-Gordan coefficients at the vertices of the spectator diagram in Fig. 2 and in the OPE diagrams in Fig. 1b- (8) with the factor C I = 25/3 also at energies above 1 GeV. Due to the poor knowledge of the mechanism of the reaction pd → 3 He π at these energies, however, this has to be considered as a purely phenomenological prescription.
In order to explore the reliability of the assumptions and approximations dis- Ref. [14] at kinetic energy of pion 37 MeV, σ = 2.4 ± 0.7 mb, is comparable with that for the reaction π 0 3 He → dp, σ = 1.3 mb, recalculated here from the pd → 3 He π 0 data [20] for the corresponding proton beam energy T p = 262
MeV. The ratio of these cross sections σ(π + 3 He → (pp)p)/σ(π 0 3 He → dp) is in agreement with the value
, expected within the spectator mechanism, where the factor 4 in the numerator is the squared isospin factor 2 from Eq. (10) , and the factor 3 in the denominator is the spin-statistical factor for the final deuteron.
The result above implies that, within this approximation, the total contribution of the triplet and singlet NN pairs can be taken into account by variation of the effective spectroscopic factor of the deuteron in 3 He, S h pd ; S h pd (1 + 1.5C I ). In the numerical calculation we use the parametrizations from Ref. [13] in the π + ρ exchange model [21] . The upper case, Λ π = 1.3 GeV/c, is the value used in the full Bonn NN model [22] .
Numerical results and discussion
The result of our calculation are shown in Fig. 3 . One can see that the OPE model with the deuteron yields a reasonable description of the energy depen- terms in the pd * → 3 He π 0 amplitude, like the two-step mechanism [23] . It can be shown that for the two-step mechanism there is also an enhancement of the d * + p contribution in the ∆-isobar region but, in contrast to the spectator mechanism, its energy dependence is strongly affected by the off-shell behaviour of the πN scattering amplitude and not considered here.
Turning back to the pure two nucleon transfer mechanism [1, 2, 3] we should note that the three-nucleon bound-state wave function [4] based on the Reid RSC potential most likely contains too large high momentum components as compared to modern NN potentials. In order to corroborate that we show here, in the framework of the S-wave formalism of Ref. [3] , that for the trinucleon wave function [24] based on the CD Bonn NN interaction [25] the ST cross section at T p > 0.5 GeV is by a factor of 30 smaller than for the RSC.
Nevertheless the predicted cross section is still comparable with the experimental data at T p > 0.9 GeV (Fig.4) . [26] (filled square), [27] (open square), [28] (•), and [29] (filled triangle). The ST cross section for the CD Bonn wave function with distortions taken into account is shown by thick solid line. Note that the distortion factor for the ST mechanism differs from the one for OPE. Same description of data as in Fig. 3 .
